Abstract We evaluated the association between smoking and risk of breast cancer in non-Hispanic white (NHW) and Hispanic or American Indian (HAI) women living in the Southwestern United States. Data on lifetime exposure to active and passive smoke data were available from 1527 NHW cases and 1601 NHW controls; 798 HAI cases and 924 HAI controls. Interleukin 6 (IL6) and Estrogen Receptor alpha (ESR1) polymorphisms were assessed in conjunction with smoking. Pack-years of smoking ( ‡15) were associated with increased risk of pre-menopausal breast cancer among NHW women (OR 1.6, 95% CI 1.1-2. 4). Passive smoke increased risk of pre-menopausal breast cancer for HAI women (OR 1.9, 95% CI 1.1-3.1 everyone; OR 2.3, 95% CI 1.2-4.5 nonsmokers). HAI pre-menopausal women who were exposed to 10+ h of passive smoke per week and had the rs2069832 IL6 GG genotype had over a fourfold increased risk of breast cancer (OR 4.4, 95% CI 1.5-12.8; P for interaction 0.01). Those with the ESR1 Xba1 AA genotype had a threefold increased risk of breast cancer if they smoked ‡15 pack-years relative to non-smokers (P interaction 0.01). These data suggest that breast cancer risk is associated with active and passive smoking.
Introduction
Data suggest an increased risk of breast cancer among cigarette smokers [1] [2] [3] . While tobacco smoke has an antiestrogenic effect [3] , carcinogens in tobacco smoke may alter breast cancer risk through other mechanisms since tobacco mutagens are found in breast fluid [4] . It has been hypothesized that some combination of hormonal and mutagenic exposures exist and that the anti-estrogenic effects of cigarette smoke are offset by carcinogenic damage to breast tissue [3] . This damage from cigarette smoke has been further hypothesized to vary by time of exposure and breast tissue susceptibility [3] . Since full differentiation of breast tissue takes place after first fullterm pregnancy, it has been proposed that the greatest carcinogenic damage to breast tissue from cigarette smoke would occur between menarche and first full-term pregnancy [3] . In support of this hypothesis, several studies have shown that early exposure to cigarette smoke is associated with the greatest breast cancer risk [3, 5, 6] .
Environmental tobacco smoke, or passive smoking or side-stream smoke, also has been associated with breast cancer [2] . It is unclear if the same mechanisms are operational for active and passive smoking. Side-stream smoke contains higher concentrations of many components such as carbon monoxide, carbon dioxide, N-nitrosamines, nicotine, and benzene [2, 7] . Vapor-phase particulates from side-stream smoke have been shown to be absorbed more quickly into blood and lymph systems than particulatephase constituents found in mainstream smoke [7] . In contrast to active smoking, data suggest there are limited anti-estrogenic effects associated with passive smoking [7] .
Genetic susceptibility may help explain the association between breast cancer and cigarette smoking. Studies have examined genes that regulate metabolizing enzymes such as NAT2 and CYP1A1 [2, 5, [8] [9] [10] . Other genes such as MnSOD have been examined because it may influence susceptibility to cigarette smoking because of their influence on oxidative stress [11, 12] . However given the general null findings from the majority of these studies, it is possible that other genes involved in other pathways may be important in defining the cigarette smoking risk with breast cancer. Smoking is associated with increased serum levels of the cytokine IL-6 and C-reactive protein (CRP) [13] . Several small case-control studies have suggested serum IL-6 is increased in women with breast cancer [14] . Recently, Il'yasova et al. [15] reported increased serum CRP was associated with incident breast cancer in a cohort of post-menopausal women. Polymorphisms in the IL6 gene promoter, -572G/C and the --174G/C, have been reported to be related to levels of circulating CRP [16] and to breast cancer [17] .
Because cigarette smoke is thought to be anti-estrogenic, it is possible that the estrogen receptor gene alpha, (ESR1) may regulate susceptibility to breast cancer when exposed to cigarette smoke. The three most widely studied polymorphisms of the ESR1, the PvuII 397T > C, the XbaI (351A > G) restriction fragment length polymorphisms, both located in intron 1, and the TA repeat within the promoter region of the gene, are in linkage disequilibrium [18, 19] . These polymorphisms have been examined with breast cancer risk [20] [21] [22] [23] as well as with other conditions that have been linked to estrogen [19, 24, 25] with mixed results.
In this study we examine the associations between both active and passive cigarette smoking exposure among nonHispanic white (NHW) and Hispanic/AI women enrolled in the 4-Corners Breast Cancer Study. Associations are assessed by menopausal status. We evaluated the interaction between exposure to either active or passive cigarette smoke and IL6 and ESR1 polymorphisms to gain additional insight into mechanisms involved in these associations.
Methods
Study participants were women living in a seven-county area of Arizona, or the states of Colorado, New Mexico, or Utah at the time of diagnosis or selection; American Indian women living on reservations were not eligible. Study hypotheses focused specifically on breast cancer in Hispanic and American Indian women, therefore sampling was stratified on ethnicity to select these women in larger proportion than their representation in the population. All Hispanic and American Indian women between the ages of 25 and 79 who were diagnosed with breast cancer during the study period were eligible. An age-matched sample of NHW women were randomly selected on a 1:1 ratio to the distribution of Hispanic cases in Arizona and Colorado; at a 4:1 ratio to the distribution of Hispanic cases in Utah; all Hispanic and non-Hispanic cases age 50 and under in New Mexico; and a 1:1 ratio for women over 50 in New Mexico. The GUESS program (Generally Useful Ethnic Search System) was used along with the census Spanish surname list to initially identify women who were potentially Hispanic [26, 27] . Hispanic ethnicity was verified by selfreport at the time of the interview. A detailed description of study methods and response rates has been published and are briefly described below [28] .
Cases were histologically confirmed in situ and invasive breast cancer (ICDO sites C50.0-C50.6 and C50.8-C50.9) diagnosed between October 1999 and May 2004. State tumor registries were used to initially identify and confirm case eligibility. Of cases identified, 873 Hispanic/AI, and 1683 NHW women participated (68% of women contacted). Of these cases, 798 Hispanic/AI, and 1527 NHW women were diagnosed with first primary breast cancer and 576 Hispanic/AI, and 1177 NHW cases had DNA available for analyses [29] .
Controls were selected from the target populations to match ethnicity and 5-year age distribution of cases. In Arizona and Colorado, participants under 65 were randomly selected from a commercial mailing list; in New Mexico and Utah controls under 65 years were randomly selected from driver's license lists. In all states, women 65 years and older were randomly selected from Center for Medicare Services lists. Of controls identified, 935 Hispanic/AI, and 1671 NHW women participated (42% of participants contacted) of which 728 Hispanic/AI, and 1330 NHW controls had DNA available for analyses.
All women identified were screened for eligibility prior to study enrollment. As part of the screening, women were asked to self-identify their race and ethnicity. Women initially identified as being Hispanic who did not selfidentify as Hispanic/AI were ineligible for the study. If a respondent described herself as belonging to more than one race or ethnic group, all were recorded. All participants signed informed a written consent prior to participation; the study was approved by the Institutional Review Board for Human Subjects at each institution.
Diet and lifestyle data were collected by trained and certified interviewers using an interviewer-administered computerized questionnaire. The referent period was the year prior to diagnosis for cases or selection for controls.
Respondents were given the option of having the interview administered in either English or Spanish. The questionnaire included information about medical history, reproductive history, family history, dietary data using an extensive diet history questionnaire that was modified to incorporate foods commonly eaten in the Southwestern United States [30] , physical activity using a questionnaire modified from the Cross Cultural Activity Participation Survey [31] , tobacco use, medication use, diabetes history, and weight history. BMI was calculated as kilograms(kg)/ meters(m) 2 . Women were asked to ''best describe your menstrual status on (referent date)'' by selecting responses from a card; this information was used to define individual menopausal status.
Women were asked if they ever smoked 100 or more cigarettes in their life, the years started and stopped smoking, and the usual amount smoked in a day. We also collected exposure to second-hand smoke including the number of hours per week exposed both in and out of the house during the referent year and at ages 15, 30, and 50. We created a variable that captured long-term exposure to passive smoke that categorized the level of exposure (none, low, high) based on average exposure at ages 15, 30 and referent year for pre-and peri-menopausal women and at ages 15, 30, and 50 for post-menopausal women.
DNA was extracted for 76.6% of participants in Arizona, 74.8% of participants in Colorado, 75% percent of participants in New Mexico and 93.6% of participants in Utah who were willing to provide a blood sample. Five IL6 markers were genotyped using TaqMan-based assays as previously described [17] . These markers were rs1800797 (-596A/G); rs1800796 (-572 G/C, also known as -634C/G); rs1800795 (-174G/C); rs2069832 (G/A, intron +180 of exon 2); and rs2069849 (C/T coding exon 5). The 351A > G XbaI polymorphism of the ESR1 gene was evaluated by PCR amplifying as previously described [32] . The 'X' or A allele was cut yielding bands of 148 bp and 198 bp, whereas the 'X' or G allele remained uncut and resulted in a band of 346 bp as modified from van Meurs et al. [19] .
Statistical methods
SAS statistical package, version 9.1 (Cary, NC, 2002) was used. Women reporting AI were combined with women reporting Hispanic ethnicity for analyses. Analyses were restricted to women with a first primary breast cancer. Multivariable logistic regression models were used to estimate relative risk for disease. Exposure to cigarette smoke was categorized as never, former, and current, as well as pack-years smoked, age first smoked, and if started smoking prior to first pregnancy. Passive (second-hand) smoking was assessed as total number of hours per week exposed during the referent year, and at ages 50, 30, and 15; long-term exposure (none, low, and high as previously defined) based on average exposure from each of these time periods. Associations were stratified by menopausal status. Since recent exposure to hormones among postmenopausal women did not influence results, data are presented for all post-menopausal women adjusted for recent estrogen exposure. Adjustment variables in logistic regression models included age, center, parity, BMI, longterm physical activity, and average alcohol intake at ages 30, 50 and during the referent year for women 30 or older and alcohol intake during the referent year for women less than 30. These factors were shown to significantly influence risk estimates in this study population. Long-term physical activity was based on MET hours per week of moderate and vigorous activity reported at ages 15, 30, 50, and during the referent year. Adjustment for other factors such as age at menarche, age at first birth, oral contraceptive use, and age at menopause did not alter findings. To test for linear trend, exposure variables were included as continuous in logistic models and significance was assessed by likelihood ratio testing with models without the exposure. We evaluated the interaction between active and passive cigarette smoking and IL6 and ESR1 polymorphisms. For IL6, we present results for one of the five polymorphisms previously examined [17] , since associations with breast cancer were similar and three markers (rs1800797, rs1800795, and rs2069832), were in pair-wise linkage disequilibrium (LD) (absolute value of Lewontin's D' statistic >0.90). Markers rs1800796, and rs2069849, not in LD for NHW controls but in pair-wise LD with the other markers, did not interact with smoking or passive smoking and are not shown. Interaction was assessed by the Wald v 2 -test of significance for the multiplicative interaction term. IL6, rs2069832, and ESR1 were assessed using a dominant model because of relatively few individuals homozygous for the minor allele. Independent associations of IL6, and ESR1 with breast have been described in previous publications [17, 32] .
Results
The majority of both NHW and Hispanic/AI women reported never having smoked cigarettes with between 12.1% and 13.4% of women reporting being a current cigarette smoker (Table 1 ). The age distribution of starting to smoke cigarettes was similar for NHW and HAI women.
Significant associations between smoking and breast cancer risk were limited to pre-peri-menopausal NHW who ever smoked (OR 1.3, 95% CI 1.0-1.7), who reported smoking more than 15 pack-years (OR 1.6, 95% CI 1.1-2.4), and who started smoking before their first pregnancy (OR 1.4, 95% CI 1.03-1.9) ( Table 2) . Smoking cigarettes did not alter breast cancer risk among Hispanic/ AI women or among post-menopausal women. Other indicators of cigarette exposure such as cigarettes per day or total years smoked did not yield results different from those observed for pack-years smoked.
Exposure to passive smoke increased risk of breast cancer among pre-and peri-menopausal Hispanic/AI women (OR 1.9, 95% CI 1.1-3.1 among smokers and non-smokers; OR 2.3, 95% CI 1.2-4.5 among never smokers) (Table 3) . Among pre-and peri-menopausal Hispanic/AI women, exposure to more than 10 h of passive smoke per week was associated with significant increased breast cancer risk at age 30 (OR 2.2 95% CI 1.2-3.9, P-linear trend 0.01) as well as during the referent year. Passive smoke exposure at age 15 was not associated with increased breast cancer risk. Among NHW or post-menopausal women, passive smoke exposure was not associated with increased risk of breast cancer at any age. Among pre-peri-menopausal Hispanic/AI women who did not smoke cigarettes, we observed an interaction for both the IL6 rs1800795 (-174 5¢ promoter, data not shown) and the rs2069832 (intron +180 of exon 2) polymorphisms (Table 4) . Among these women, having the GG IL6 genotype was associated with increased risk when exposed to passive smoke while having the GC/CC or GA/AA genotypes was not associated with increased risk in the presence of passive smoke. Regardless of smoking history, the GG genotype was associated with an increase risk of breast cancer among Hispanic/AI women who were exposed to >10 h/week of tobacco smoke. Similar trends were observed for NHW women although the P-value for interaction did not reach statistical significance. Association of the most common haplotype (wildtype alleles at all five IL6 markers), with an estimated population frequency of around 50%, was consistent with genotype associations for rs1800795, and rs2069832; evaluation of haplotype risks for IL6 markers in high LD and smoking (data not shown) were not informative beyond the genotype associations. There were no significant interactions between IL6 genotype and passive smoking among post-menopausal women.
The association between exposure to tobacco smoke (active and passive) and breast cancer risk by ESR1 Xba1 polymorphism status showed significant associations but were limited to NHW women (Table 5) . Among pre-perimenopausal women a significant increased risk was observed for women who smoked >15 cigarettes pack-years and had the xx genotype (OR 2.9, 95% CI 1.3-6.4). Among post-menopausal women there was a significant/borderline significant interaction between ESR1 Xbal polymorphism and pack-years smoked among NHW (OR 1.4, 95% CI 1.0-2.1; P-interaction 0.04). The ESR1 Xbal polymorphism was not associated with passive smoking.
We evaluated the associations between active and passive smoking and ER tumor status. Among HAI women, lifetime exposure to passive smoke resulted in an 80% greater risk of an ER-breast tumor (P-trend with increasing exposure 0.04) as compared to a 30% increased risk for an ER + tumor (P-trend with increasing exposure 0.30). Other associations were similar for ER + and ER-tumors.
Discussion
Findings from this study indicate that active and passive smoking are associated with increased risk of breast cancer among pre-and peri-menopausal women. The associations appear to vary by ethnicity; genetic susceptibility may explain ethnic differences in risk.
As shown in other studies, cigarette smoking had a greater influence on breast cancer risk among women diagnosed at a young age or prior to menopause [3, 5] . Although this finding is not universal, the magnitude of the association usually has been reported as being in the range of 1.3-1.7 [1, 3, 6, 33] , which is comparable to the 1.4-1.6 reported in this study. It is believed that breast tissue is at greatest risk to carcinogen exposure prior to first pregnancy [34, 35] . While we observed an increased risk from cigarette smoking among women diagnosed prior to menopause, risk was not limited to women who started to smoke prior to first pregnancy as has been reported in some [6, 36] but not all studies [1, 37] . Likewise, as reported by others [33] , we observed a stronger risk associated with starting to smoke when older rather than prior to age 18. Our data corroborate the findings of others of a dose-response breast cancer risk with increasing pack-years smoked [1, 38] . Our data from Hispanic/AI women support previously detected associations of breast cancer with passive smoking. Several studies have shown an increased risk of breast cancer associated with exposure to passive smoke with risk estimates generally around 1.6 [3, 33] , and in some instances stronger associations for passive than for active smoking [33] . In the present study, the strength of the association as reflected by the OR was stronger for passive smoking than for active smoking. The association was strongest among those women who did not smoke cigarettes. The timing of exposure appeared to be important, in that more recent exposure had a greater risk than exposure at age 15. Others have reported stronger effects for passive smoking exposure when older rather than around age 15 [33] .
It has been hypothesized that cigarette smoke modulates breast cancer risk through its anti-estrogenic effect [3] . It has been shown that cigarette smoke increases the 2-OHE1 form of estrogen rather than the 16aOHE-1 form of estrogen [3] ; the 2-OHE-1 form of estrogen has been shown to decrease mammary cell proliferation thereby reducing risk of breast cancer. However, the literature suggests increased risk rather than decreased breast cancer risk [3] . Several studies have shown that cigarette smoking is associated with ER negative tumors [39, 40] further suggesting an estrogen-related mechanism. Our data show only slightly stronger associations for lifetime exposure to passive smoke and an increased risk of ER-versus ER + tumors. This increased risk is seen only for Hispanic/ AI women. Since cigarette smoking influences many hormones in addition to estrogen, the association between active and passive smoking and breast cancer among premenopausal women could involve a variety of hormones [41] .
Our data suggest possible different mechanisms between active and passive exposure to cigarette smoke. Active, but not passive cigarette smoke interacted with ESR1, suggesting involvement with an estrogen-related pathway. It has been stated that the anti-estrogenic effect of passive smoke is less than that of active smoking [7] . In contrast, IL6 interacted with passive smoking, suggesting involvement of inflammation in response to mutagens is stronger from exposure to passive rather than active smoke, although there are limited data examining inflammationrelated pathways and breast cancer. However, some but not all studies show that NAT2, CYP1A1, and MnSOD alter smoking-related breast cancer risk [5, 12, [42] [43] [44] [45] [46] [47] .
The greatest risk associated with cigarette smoke exposure and breast cancer was seen for pre-and perimenopausal women. Active smoking appeared to influence risk the most among NHW women while exposure to passive smoke appeared to have a greater effect among Hispanic/AI women. The reasons for this are not clear but could be from unidentified or unmeasured pattern of smoking, types of cigarettes used, genetic factors that differ by ethnicity and influence risk, or chance. While these differences could also stem from recall bias or selection bias given less than optimal response rates, these differences do not exist for post-menopausal women, suggesting that bias is not the contributing factor. It is possible that Hispanic/AI woman had different patterns of cigarette exposure throughout their lives, or that exposure to cigarette smoke differed because of different brands or smoking practices. It also is possible that other unidentified characteristics of these women may have affected susceptibility to tobacco smoke differently among NHW and Hispanic/AI women. Of interest is one study that showed that slow N-acetylators are more susceptible to active smoke and rapid acetylators are more susceptible to passive smoke [9, 46] , suggesting that heterocyclic amines rather than PAHs may be the relevant carcinogen in tobacco smoke [2] . Data show that 32% of Hispanic people are slow acetylators compared to 60% of NHW individuals [48] . Possibly the NAT2 genotype influences these ethnic differences in associations between breast cancer and cigarettes smoking.
Although this is one of the largest studies to examine the association between active and passive smoking in Hispanic women, there are limitations. First, response rates were low especially among Hispanic controls. However, response rates were similar for pre-and post-menopausal women; therefore seeing an association only among premenopausal women is less likely to be from response rates. Participants were asked to recall their exposure to other people's tobacco smoke, which could be perceived differently and therefore recalled inaccurately. We lack detail as to type or brand of active and passive cigarette smoke exposure which could influence associations. We were able to adjust for potential confounding factors such as alcohol intake, body size, activity patterns, and parity that could bias associations.
In summary our findings corroborate those by others that smoking cigarettes or being exposed to cigarette smoke by others increases risk of pre-menopausal breast cancer. Our data suggest that this risk may be influenced by underlying genetic susceptibility and that mechanisms involving both estrogen and inflammation may be important in defining risk. Differences observed by ethnicity may reflect additional underlying genetic susceptibility to cigarettes and patterns of actual and passive smoke.
